Various studies have reported that global warming causes unstable climate and serious impact on physical environment and public health. The increasing incidence of dengue case is now a priority health issue and has become a health burden for Pakistan. In this study it has been investigated that spatial pattern of environment causes the emergence or increasing rate of dengue fever incidence that effects the population and its health. The climatic or environmental and the Dengue Fever (DF) case data was processed by coding, editing, tabulating, recoding and restructuring and finally applying different statistical methods, techniques and procedures for the analysis and interpretation. Five climatic variables which we have studied are precipitation (P), Maximum temperature (Mx), Minimum temperature (Mn), Humidity (H) and Wind speed (W) collected from 1980-2012. The data on Dengue Fever cases in Karachi for the period 2010 to 2012 are available and reported on weekly basis. Principal Component 1 (PC1) for all groups of the period can be interpreted as the General atmospheric condition. PC2 the second important climate factor for dengue period (2010)(2011)(2012) comes out contrast between precipitation and wind speed. PC3 is the weighted difference between maximum temperature and wind speed. PC4 is the contrast between maximum and wind speed. Negative Binomial and Poisson regression model are used to correlate the dengue fever incidence to climatic variable and principal component (PC) score. Due to the problems of over dispersion the Poisson models are not useful for interpretation through Negative Binomial model we found that relative humidity causes an increase on the chances of dengue occurrence by 1.71% times. While maximum temperature positively influence on the chances dengue occurrence by 19.48% times. Minimum temperature affects on the chances of dengue occurrence by 11.51% times. Wind speed is effecting negatively on the weekly occurrence of dengue fever by 7.41%times.
INTRODUCTION
The word of Dengue comes from the Swahili phrase meaning the devil spirit. Record shows that this fever was first mentioned from the Jin Dynasty (265-420 A.D) of Chinese medical encyclopedia meaning take it as poison from water coming from the flying insect. It is also recognized that initial epidemics came in Asia, Africa and North America in 1779 -1780 and after this diseases was reported in Philippines and Thailand in 1950s [1] . Now this viral disease has spread in most parts of the world [2] . The viral disease which is called dengue is, transmitted to human body through the mosquito (vector) named Aedesagepty [3] . In most of the tropical and sub tropical countries dengue fever has become a serious and dangerous health risk for the public. About two million people are affected by dengue fever in the world [2] . "Den-1, Den-2, Den-3 and Den-4" are used the names of serotypes which causes severe dengue fever [4, 5] . In the medical terminology its other name is "break bone fever" and high grade fever, flushing of face, headache, pain in joints (arthralgia) and muscle, (myerlgia) headache, rashes in skin (skin erythema) close to the measles, generalized body ache *Address correspondence to this author at the Department of Statistics, University of Karachi, Karachi, Pakistan; E-mail: safrozuddin@yahoo.com are its symptoms. Sometime this disease is life threatening as in blood disorder causes the lack of increased Capillary Permeability of platelets and shortage of plasma due to these problems dengue hemorrhagic shock syndrome may be observed. Patients also suffer from high blood pressure. No vaccines are still commercially available for this disease; however prevention is the way through which we may reduce the mosquito habitat and exposure to bites.
The maturity period of mosquito from laying egg to transfer the diseases in human body is approximately four weeks time it leads to outbreak of dengue fever within 7 to 45 days. The maturing period of larvae to adult is about 7 to 12 days. Female mosquitoes take 8 to 15 days to complete life cycle [2] .
Dengue viruses are transmitted by mosquitoes called Aedes Agepty, which are highly sensitive to environmental conditions. The climatic variables i.e., precipitation, humidity, temperature and wind speed help in the survival and reproduction of dengue mosquitoes. High temperature helps to decrease the time lag for the replicating of the dengue mosquito virus. This process is called "Extrinsic Incubation Period", in this period virus is transferred from mosquito to human body through the mosquito's salivary glands. In the high temperature mosquito become infectious faster and has higher probability to dangerous for human being before completing its life cycle. Climatic change and environmental factors are helping to flourish the dengue vector but there are some other factors which also play a vital role for the dengue outbreak. In the hot weather incubation time of virus is lesser, which indicates that there is low probability of mosquito to become infectious. Due to global warming mosquito is increasing. So we may say that the critical factor is climate by which the situation may be controlled the mosquito habitat. Due to variation in climate mosquito moves to a suitable habitat. The relation between climatic variable and dengue was studied from 1900 and the researchers have established the links between the climatic variables and the dengue fever. Different studies show that there is a strong association between dengue incidence and rainfall. Researchers [6] [7] [8] [9] [10] [11] [12] [13] have studied and reported that there is a positive correlation between the amount of rainfall and relative humidity with dengue occurrence. Similar results have also reported by other study groups [14] [15] regarding the correlation between rainfall and infection rate of dengue [16] [17] have shown the relationship between climatic factors and dengue fever incidence to indicate or predict variation in dengue incidence [18] have assessing the effects of temperature and precipitation on dengue transmission relation has studied the dengue epidemics and its association with precipitation and temperature.
In Karachi, Pakistan first Dengue fever outbreak was reported in 1994 [19] and one patient out of 145 died. Many researchers have studied and reported epidemics of dengue and its causes from different parts of Pakistan [20] [21] . Pakistan has experience a number of dengue fever outbreaks since 1994. In October 2003 dengue outbreaks were detected for the first time in sub-mountainous areas of district Haripur, Khyber Pakhtoonkhawa province and district Khushab, Punjab Province claiming 6 lives among 717 cases. In October 2005, Dengue again hit Karachi after 10 years and 21 deaths out of total 103 confirmed cases were recorded. Since then, the disease has become widely accepted as one of the major public health problems. Over 21,204 people were reportedly infected in the country in 2010. The reasons for this problem are poor hygiene and inefficient sewerage system which provides an ideal habitat for the dengue vector to lay eggs and flourish. For the last few years transmission of dengue virus situation has been high in the country, Karachi and Lahore are the cities which are heavily threatened by dengue epidemics in pre and post monsoon periods [21] [22] . In the periods of flood this adverse situation may also be observed. The internally displaced peoples who migrated from the arm conflicted areas and they were living without shelter and proper healthy environment suffered with the dengue and other viral diseases [23].
METHODOLOGY
This study was conducted in Karachi capital of Sindh province, it is the largest and most populous metropolitan city of Pakistan and its main seaport and financial centre. The city has an estimated population of 23.5 million people as of April 2013 [21] and a density of nearly 6,000 people per square kilometer (15,500 per square mile) and is the 3rd-largest city in the world by population. The climate of Karachi features an arid climate, albeit a moderate version of this climate. Karachi is located on the coast and as a result has a relatively mild climate. Karachi has two main seasons; Summer & Winter, while spring and autumn are very short [22] . The climate data of Karachi were collected from Pakistan Meteorologist Department, on monthly basis from 1980 -2012 and daily basis from 2010-2012. Names of five climatic variables which we have studied are precipitation (P), Maximum temperature (Mx), Minimum temperature (Mn), Humidity (H) and Wind speed (W).
The dengue cases in Karachi from 2010 to 2012 are reported on weekly basis. The data on the number of deaths due to Dengue fever are not available with us; therefore our study will only focus on the dengue occurrence cases only. In 2010 Govt. of Sindh, Pakistan established the Dengue surveillance cell for not only keeping the records of Dengue Fever cases, but also providing the information about the DF and the health facilities to the people in this regard.
The dependent and explanatory variables along with the corresponding codes which are used to express these variables in equations and unit of measurement are listed in the Table 1. 
2.A. PCA to Explore Karachi's Climatic Structure
Principal Component Analysis (PCA) is used to obtain the climatic structure through climatic variables. PCA technique is recognized as reduction and extraction for dimensionality of the data and rating as much of the variation present in the original data set [24] [25] . This is one way of identifying patterns in the data [24] . It is difficult to find patterns in the data for this purpose we use PCA which highlights the similarities and difference in the data. The pattern in the data can be found by squeeze the data in other word by suppressing the dimensionality of the data by avoiding the losses of information. This procedure is also use in the image compression or image reorganization. The purpose to apply the PCA is to reduce the manifest variables, in this way the set of components will be reduced [26] . The components are called PC1, PC2, PC3 and so on, (for the first, second and third principal components) are independent of each other then extract the decrease the amount of variance from the original data set. PC1 (the first component) captures most of the variance, PC2 captures the second most of the variance and so on until all the variance is accounted for, in this way very few will be retain for the further study [27] .
The components have been treated as climatic factors or climatic structures. The Principle component method transforms correlate observed variables in to uncorrelated variables which, are linear combination of observed data. The required condition to apply this technique is correlation/covariance can be defined.
For the purpose of statistical studies, we have applied PCA and other statistical techniques also fitting different statistical models to find the relations between DF and climatic variables [28] [29] have also discussed the relation between climatic variable and dengue incidence.
For the purpose of statistical analysis we have taken the monthly and weekly data dengue period 2010-2012. The reason we have considered the data of the period 2010-2012 is that dengue data is available for this period only.
We have applied Principal Component Analysis technique for monthly and weekly data of 2010-2012 to explore if there is any difference in the structure of climate in this time period [30] [31] and have also applied Principal Component Analysis technique for the characterization of climatic variables.
2.B. Modeling DF with Climatic Variables with Different Lags: Weekly Data
We have applied the negative binomial and Poisson regression models on Karachi weekly climatic variables and climatic factors data of 2010-2012. In both negative binomial and Poisson model the dependent variable is DF cases. Poisson model is found to be not suitable because of very large (high) over dispersion [32] and their AIC's values are very large varying from 45 to 48, so we will not consider it. We found negative binomial models much better than Poisson models.
The AIC values in case of negative binomial models are very low as compare to AIC value of Poisson models, the AIC values from 7.44 to 7.51. The values of AIC decreases as lag period increases. We have shown the estimation of Poisson parameter for the purpose of comparison.
RESULTS
In Table 2 we presented number of dengue fever cases by months, for the years 2010, 2011 and 2012. The number of cases repeated for each succeeding year has drastically reduced. The number of dengue fever cases repeated in 2012 is only 734/5249 x 100 14 % of the 2010. This indicates that Government of Sindh has tried to facilitate the people against dengue fever in terms of awareness of DF, health facilities, import medicine and also expert teams to work together with local teams. Figures 1 and 2 shows the weekly and monthly dengue cases. It can be clearly seen from Figures 1 and 2 that the curve of monthly data is only the smoothed form weekly data curve. The high peaks of curve Figure 2 give the same picture as we have described in the earliest paragraph. 
3.A. PCA to Explore Karachi's Climatic Structure
For explanation and understanding purposes we present all four PCs for considered period in Table 3 . This table contain, in columns; the linear combination (PCs) in approximate and simplified form, percentage of variation explained by respective Principle components and abbreviation of labels of the PC.
According to the elbow rule for scree plot all plots (see Appendix-I) show that two Factor model (PC) is sufficient to explain the variation in the data. But for the comments and interpretation we consider four PCs: as the percentage explained by 3 rd and 4 th PC in some case are quite large. The small variation in weather may affect the general atmospheric condition can affect life.
The first four PCs for the monthly and weekly data are almost the same. For weekly dengue period data the percentage of variance of PC1 and PC2 are highly different to each other, they are around 44% and 22%, which shows that there are only 66% of total variation factor of Karachi climate is namely PC1 and PC2 variation in temperature with humidity and wind speed and contradiction of wetness and temperature. Explanation and interpretation of PCs one by one, for all data sets, shown in Table 3 .
PC1s for both monthly and weekly data are being constructed as the linear combination of Humidity, Maximum temperature, Minimum temperature and Wind speed, in other words it is the weighted average of these four climatic variables and all the four variables are related to General Atmospheric Condition (GAC). For the reader to understand as to how we have interpreted and labeled the PCs, let us take the example of first PC of the monthly data. It is (PC1) weighted average [PC1= 0.9(H+Mx)+Mn+W] of the Humidity (H), Maximum temperature (Mx), Minimum temperature (Mn) and Wind speed (W). Thus it may be interpreted that major source of variation in the data occurs due to "General Atmospheric Condition". Therefore we label it or name it as General Atmospheric Condition GAC. This PC (GAC) contributes/explain (65.6%) of total variation in the observed data.
PC2 of monthly data can be label as contrast between precipitation and wind speed and its contribution in terms of explanation of variation is 21.8%. This contribution may consider as large contribution. Thus we may conclude that this factor plays an important role in the formation of weather of city Karachi.
PC3:
The third component in the variation of Karachi climate is "opposite of variation of wetness and wind speed "which constitutes 18% of variation. Whereas the fourth component is the contradiction of "temperature" and "wind speed "which is 11.2% of variation.
PC4 for Dengue (Monthly) period is constructed as contrast of humidity against weighted average of precipitation and maximum temperature, which contributes only 2.4 of the total variation. PC4 for the weekly data is the contrast between Mx and W and it explaining11.2%ofvariation.
3.B. Modeling DF with Climatic Variables with Different Lags: Weekly Data
The following expressions are established from negative binomial models from the Tables 4 and 5. In these equations we have considered only those variables whose coefficient are significant at least = 0.05. 4)]. In all the four lag model relative humidity, maximum temperature and wind speed shows significant effect on the occurrence of 'DF' while wind speed 'W' has significant effect on prevention of 'DF'.
3.C. Model with Climatic Factors with Different Lags: Weekly Data
We have applied the Negative Binomial and Poisson regression models on Karachi weekly climatic Tables 4 and 5 . Below we write the models negative binomial considering those variables whose coefficients are significant with at least = 0.05. Also apart from lag differences, AIC values are given. These expressions are obtained from Tables 4 and 5. Principle components analyses are applied and components are extracted and available in Table 3 and the interpretations are made in earlier section. But in the expressions we have used the notation in term of PCs for the reason of simplicity. 
DISCUSSION
In this study our focus was on exploring the climatic variables and/or the climatic factors (structure) which may influence the increase or decrease in the number of dengue fever cases in Karachi.
The main effecting explanatory variables are humidity, maximum temperature, minimum temperature and wind speed, where humidity, maximum temperature and minimum temperature effecting positively on the occurrence of dengue fever cases, while the wind speed seems to be causing in the reduction of dengue fever cases. On the basis of the model expressed above following are some comments.
1)
Weekly relative humidity is effecting the chance of occurrence positively and in the past 4 weeks (28 days) humidity value is estimated to positively influence on the chances of dengue occurrence by 1.71% times.
2)
Weekly maximum temperature is effecting to increase the chance of occurrence and in the past 4 weeks (28 days) maximum temperature value is estimated to positively influence the chances of dengue occurrence by 19.48% times.
3) Minimum temperature is effecting the chance of occurrence DF cases positively for the weekly data. For the past 4 weeks the minimum temperature affects positively on the chances of dengue occurrence by 11.51% times.
4)
Wind speed is effecting negatively on the weekly occurrence of dengue fever by 7.41%.
[30] Have found minimum temperature having positive significant effect while wind speed and humidity having negative effect on the dengue occurrence for the data from Putrajaya, Malaysia (July 2006 to December 2008). The effect of humidity on the occurrence of DF in Karachi is positive. We do not know exactly why there is such a contrast between Karachi and Putrajaya but we have a hunch that the variation of daily temperature in winter and summer varies differently in Karachi compare to Putrajaya. The other reason may be that the data from Putrajaya also includes cloudiness, may be this variable has aliasing effect on the model.
Note:
We feel that there is no need to apply negative binomial and Poisson models for monthly data when applied these models to weekly data, 4-week lag(1 months) shows the best model. Model for monthly data did not show better results, so we have to drop the idea to present in this research.
The main effecting explanatory climatic factors are PC1 and PC4 (see Table 3 ). PC1 is interpreted as general atmospheric condition (GAC) and it effects positively on the occurrence of dengue fever cases. Whereas PC4 which we have labeled as contrast between temperature and wind speed (CTW) also seems to be causing in the increases of dengue fever cases. On the basis of expression (A) the following comments are made:
1)
PC1 is effecting the chance of occurrence positively and in the past 4 weeks (28 days) PC1 value is estimated to positively influence the chances of dengue occurrence by 120.78% times.
2) PC4 is affecting the chance of occurrence positively and in the past 4 weeks (28 days) PC4 value is estimated to positively influence the chances dengue occurrence by 152.72% times.
Again the Poisson model is not suitable because of large (high) over dispersion also their AIC's values are very large that is why have avoided to consider the Poisson model [29] . For the comparison we have shown the estimation of Poisson parameter, while the negative binomial models are found to be suitable for all lags where the AIC values are very small [30] .
We have used the first four PCs to model, DF data, using Poisson and negative binomials. The advantage of applying PC is that they are perfectly uncorrelated and thus there is no question of collinearity (among the explanatory variable) in the model [33] . The other advantage in this case is that instead of original variable environmental factors variables are considered.
In this case of negative binomial models, all four models have shown quite good behavior, however for the model KNBPC (-4) is the best with smallest value of AIC of all four models PC4 is the best predictor. We interpret the model KNBPC (-4). This model says that PC1 and PC4 are having significant effect on DF. As PC1 represents general atmospheric condition, it means that variation in general atmospheric condition effects significantly (P-value 0.000) the occurrence of DF. The PC4 is interpreted as contrast between maximum temperature and wind speed has also significant effect (P-value=0.000) on the occurrence of DF, that is, high temperature with low wind speed is suitable for the spread of DF.
CONCLUSION
The environmental conditions of city are studied using principal component analysis and negative binomial models. Karachi is the largest city of Pakistan where environmental conditional is changing. Karachi is getting warmer. Negative binomial model for Karachi data with one month lag gives a good fit to DF cases. This is also true for environmental manifest data and environmental factors (PCs). Therefore we may conclude that the cases of dengue fever are affected by the change of month. In this study relative humidity and minimum temperatures 28 days or 4 weeks lag (approximate to one month) identified as significant predictor for the dengue incidence in Karachi. Thus relative humidity and minimum temperature have some impact on the occurrence of dengue fever. If the minimum temperature recorded increases from previous day, the numbers of dengue cases are expected to increase in next 28 days.
RECOMMENDATIONS
It is suggested that surveillance teams should keep an eye on the variation in relative humidity and minimum temperature. If the high variation in these two climatic variation persists, serious remedial measure should be taken. Since in months of August and September large number of dengue cases are expected so remedial measures should be taken in the months of June and July. The data we have is related to the number of dengue cases reported with respect to time, but we suggest further studies the number of death due to dengue locality from where the patient are coming, measure of awareness of the people are also needed to be studied. We also suggest some Bio-statistical studies of the patient and the cause of spread of diseases. Effect of increase of population of the country on the spread of several diseases is also requires attention by the researcher and the governments. We find that over population of the cities not only creating social problems but also creates health problems. It is suggested that government should not only control the population and control cities from having over crowded population by making new cities where people can get job and can have health facilities and daily necessities. We also suggest creating dengue surveillance cells not only in provincial's capitals also at district levels whose function should be awareness, medical and fumigation on regular basis. 
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